Introduction 51
Atlantic salmon Salmo salar are an important high value, carnivorous fish species generally 52 farmed in intensive systems and fed high-energy extruded feeds containing high quality 53 protein. The protein content of feed for farmed salmon has traditionally been marine fish 54 meals (FM) derived from industrial, reduction fisheries (Hardy, 1996; Sargent and Tacon,  55 1999; Pike, 2005) . It is clear that FM (and fish oil, FO) supplies from these finite fisheries are 56 strictly limited and, if aquaculture continues to expand worldwide, the requirements for FM 57 and FO will soon exceed global supplies (FAO, 2006) . The constraints that utilization of these 58 marine products impose has resulted in increasing investigation of alternative protein and oil 59 sources in aquafeeds to sustain aquaculture development. 
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Fatty acid methyl esters (FAME) were prepared from total lipid by acid-catalyzed 192 transesterification at 50 o C for 16 h according to the method of Christie (1993) . Extraction and 193 purification of FAME was carried out as described by Tocher and Harvie (1988) . The FAME 194 were separated and quantified by gas-liquid chromatography (Carlo Erba Vega 8160, Milan, 195 Italy) using a 30m x 0.32 mm i. were regarded as significant when P < 0.05 (Zar, 1999) . 221 222
Results 223

Diet compositions 224
Formulating on fixed digestible protein and digestible energy will result in some small 225 variance in dietary fat and protein content depending upon recipe compositions, and level and 226 availability of nutrient and energy from different raw materials. The main differences in 227 proximate compositions of the diets were that lipid and the nitrogen-free extract (NFE) were 228 slightly lower and higher, respectively, in the diets with highest FM replacement, with levels 229 in diets F11 and F5 being significantly different to those in diets F25 and F18 (Table 1 ). Themajority of lipid supplied by the diets was neutral lipid, predominantly triacylglycerol (TAG), 231 and there were no significant differences in total polar and neutral lipid levels between the 232 treatments (Table 2 ). There were no significant differences between the diets in polar lipid 233 composition with all diets containing around 8 -9 % of polar lipid, mainly 234 phosphatidylethanolamine (PE), phosphatidylcholine (PC) and phosphatidylinositol (PI) / 235 phosphatidylserine (PS). All diets contained approximately 54 % total monoenes, 236 predominantly 18:1n-9 (oleic acid), with around 16 % saturated fatty acids, mainly 16:0, and 237 30 % polyunsaturated fatty acids (PUFA), with half of that being 18:2n-6 and the remainder 238 being n-3 PUFA, 18:3n-3, and the long-chain PUFA (LC-PUFA), eicosapentaenoic acid 239 (20:5n-3, EPA) and docosahexaenoic acid (22:6n-3, DHA) (Table 3 ). There were no 240 significant differences in total saturated fatty acids, total mononenes, total n-6, total n-3 and 241 total PUFA among dietary treatments. However, there were some small but significant 242 differences in proportions of specific fatty acids among the dietary treatments. Thus, the 243 proportions of 14:0, 16:1n-7, 20:1n-9, 22:1n-9/11 and DHA decreased as FM inclusion 244 decreased, and percentages of 18:1n-9 and 18:3n-3 increased as PP inclusion increased in the 245 diets. 246 247
Growth performance 248
There were no significant differences in initial weight of fish (Table 4) . After 19 weeks, the 249 overall growth performance of fish revealed that final body weight and weight gain were 250 significantly reduced by FM replacement (Fig. 1) , resulting in reduced SGR and TGC (Fig.  251 2). The decreased growth was associated with decreased feed consumption, as the level of FM 252 inclusion decreased (Fig. 1) . Protein efficiency (PER) showed a tendency to decrease with 253 increased inclusion of PP but FCR was unaffected (Fig. 2 ). There were virtually no mortalities 254 in the trial and no significant differences in hepato-somatic index (HSI) among treatments 255 (data not shown), but viscero-somatic index (VSI) was significantly lower in fish fed the F25 256 diet compared to those fish fed F11 and F5 diets (Fig. 1) . 257 Similar trends in feed consumption, body weight, weight gain, SGR and TGC, as described 258 above for the overall trial, were observed in both growth phases of the trial, at average 259 temperatures of 11 o C and 7 o C during weeks 0-8 and 8 -19, respectively (Table 4) . In 260 contrast, FCR was significantly affected by diet during the first phase in weeks 0-8, being 261 significantly increased as dietary FM inclusion decreased (Table 4) . Similarly, PER 262 significantly decreased during the first phase of the trial as FM inclusion decreased. In both 263 cases, these effects were not observed in the second phase when diet had no significant effects 264 on FCR and PER (Table 4) . 265 (Fig. 3) . The data show that 276 reducing FM inclusion clearly reduced the feed fish required for the FM input, but that even 277 with 60 % replacement, FO input is the major contributor to feed fish utilization. 278 279
Protein and lipid digestibilities 280
The apparent digestibility coefficients (ADC) of protein and fat were significantly affected by 281 the levels of dietary FM and PPs (Fig. 4) Lipid content of the flesh varied between 11.6 and 13.2 % of wet weight and was unaffected 287 by diet (Table 5 ). Although the lipid content of liver also showed no statistically significant 288 differences between dietary treatments, there was a clear trend for liver lipid to decrease with 289 decreasing FM inclusion, reducing from 7.1 % in fish fed the highest level of FM down to 5.2 290 % in fish fed the lowest FM inclusion (Table 5 ). However, there were no significant effects of 291 diet on the proportions of total polar and neutral lipids, or the relative percentages of any 292 individual lipid classes in liver. There were some minor differences in polar lipid class 293 composition in flesh, but these were of doubtful biological or physiological significance. The 294 pigment content of the flesh was also unaffected by dietary treatment. 295
The gross fatty acid composition of flesh reflected the diet compositions, with over 50 % 296 total monoenes, predominantly 18:1n-9, around 17 % saturated fatty acids, mainly 16:0, and 297 over 30 % PUFA with 18:2n-6 being the most abundant followed by DHA, EPA and 18:3n-3 298 (Table 6 ). DHA was retained at a higher concentration in the flesh than provided in the diet. 299
The levels of 20:1n-9 and 22:1n-9/11 in the flesh decreased with decreasing FM inclusion 300 similar to the dietary trend but other differences were not related directly to dietary levels. 301 Thus, 16:0 and 16:1n-7 increased as FM inclusion decreased, whereas proportions of 18:2n-6 302 and 18:3n-3 decreased and the levels of desaturated and elongated products including 303 arachidonic acid (20:4n-6, ARA), EPA and 22:5n-3, increased with decreasing FM inclusion 304 (Table 6 ). The fatty acid composition of liver showed more variability between treatments butwas generally similar to the diet compositions, with monoenes, particularly 18:1n-9, 306 predominating with around 15 % saturated fatty acids, mainly 16:0, and 33 -38 % PUFA 307 (Table 7) . As with flesh, the proportion of DHA was much higher in liver lipids than dietary 308 lipids, and was the predominant PUFA followed by 18:2n-6, EPA and 18:3n-3. Decreasing 309 FM inclusion resulted in slightly reduced 14:0 and, particularly, reduced proportions of 20:1n-310 9 and 22:1n-9/11 in liver total lipid. In contrast to flesh, diet had no major effect on liver 311
18:2n-6 or 18:3n-3 levels, but ARA and 22:5n-3 were significantly increased and there were 312 trends of increasing EPA and DHA in response to decreasing dietary FM inclusion (Table 7) . 313 314
Discussion 315
The regressive reduction of FM from 25 % to 5 % in the diets by progressively increasing 316 replacement with mixed PP sources (sunflower meal, soybean protein concentrate, corn 317 gluten, and wheat gluten) did not affect the survival of Atlantic salmon (mortality less than 318 1%) indicating that the experimental diets did not have any major negative effects on fish 319 health. However, the dietary treatments significantly affected growth performance of salmon 320 in the present study. As FM inclusion decreased from 25 % to 5 % there was a progressive 321 reduction in growth resulting in final weights being reduced by 5 %, 13 % and 22 % in fish 322 fed 18, 11 and 5 % FM, respectively, compared to fish fed 25% FM. Moreover, SGR for the 323 fish fed the F18, F11 and F5 diets was reduced by 5 %, 11 % and 23 %, and TGC by 5 %, 16 324 % and 27 %, respectively, compared to fish fed the control F25 diet. Despite the lower growth 325 performance compared to the control diet, the fish fed the F18 and F11 diets showed weight 326 increased in the present study, the positive correlation of ADC of protein was contrary to the 425 previous data. The present data suggest that protein availability of the refined PP sources (e.g. 426 wheat gluten) may be as high or higher than FM. This effect may actually be greater than 427 observed as the reduced feed intake in fish fed the high PP would tend to underestimate 428 protein digestibility since endogenous gut loss could be expected to be higher (protein content 429 of faeces increases) when feed intake is lower. 
